Background: Improving access to maternal healthcare in resource-limited settings plays a critical role in improving maternal health outcomes and reducing maternal deaths. However, barriers and challenges may exist in rural clinics and could affect successful implementation. This study assessed the current accessibility of pregnancy-related point-of-care (POC) diagnostic tests for maternal healthcare in rural primary healthcare (PHC) clinics in northern Ghana. Method: We randomly selected 100 PHC clinics providing maternal healthcare from a total list of 356 PHC clinicss obtained from the Regional Health Directorate. Selected clinics were surveyed from February to March 2018, using an adopted survey tool. We obtained data for clinic-level staffing, availability, usage, and desired POC diagnostic tests. Stata 14 was used for data analysis. Findings: Majority (64%) of the respondents were midwives. The mean AE standard deviation (SD) years of work experience and working hours per week were estimated at 5.6 years AE 0.4 and 122 hours AE 5.2 respectively. Average antenatal clinic attendance (clinic census) per month was 65 AE 67 pregnant women (Range: 3e360). The mean AE SD POC tests available and use was 4.9 tests AE 2.2. POC tests for malaria, HIV, urine pregnancy, and blood pressure monitoring devices were available in most clinics. POC tests requested by the clinics to assist them care for pregnant women included: Glucose-6-phosphate dehydrogenase (95%); hepatitis C (94%); sickling (91%); tuberculosis, blood glucose and blood type (89%) each; urinary tract infection (87%); urine protein (81%); hepatitis B (78%); haemoglobin (76%); and syphilis (76%). Interpretation: There is poor accessibility to pregnancy-related POC diagnostic tests for maternal healthcare due to low availability ( 5 tests per PHC clinic) of POC tests in rural PHC clinics in northern Ghana.
Introduction
Reduction of maternal mortality is a high priority for the Government of Ghana (GOG) as well as globally [1, 2] . In 2015, it was estimated that 99% of maternal deaths occurred in low-and middle-income countries (LMICs) of Sub-Saharan Africa and Asia [3, 4, 5] . In Ghana, the maternal mortality ratio in 2015 was estimated to be 319/100000 live births [2, 3, 4] . Though Ghana's maternal mortality ratio is lower compared to other countries in LMICs such as, Guinea (604), Liberia (607), and Mauritania (428) per 100000 live births, it is still unacceptably higher than international averages [1, 5] . Improving access to maternal healthcare, especially in resource-limited settings is essential to reduce maternal deaths [2, 6, 7, 8] . In the light of this, Ghana, in her quest to achieve the United Nations Sustainable Development Goal (SDG) 3.1 (reducing maternal mortality to less than 70 per 100000 live births [9] ), has expanded maternal healthcare services to primary healthcare (PHC) facilities such as the sub-district health centres and community-based health planning and services (CHPS) zones/compounds. However, studies have shown that rural health facilities often lack laboratory infrastructure to facilitate point-of-care (POC) testing and prompt disease management [10, 11, 12, 13] .
Access to POC diagnostic tests therefore critically bridges the gap for diagnostic services in rural PHC clinics, not only for maternal healthcare, but also for the general population [12, 14, 15, 16] . The introduction of POC diagnostics in resourceconstrained rural health facilities has been demonstrated to improve healthcare access and patient outcomes [17, 18, 19, 20, 21] . Early diagnosis of disease conditions or infections such as pre-eclampsia, haemorrhage, HIV, syphilis, and linkage to care during pregnancy, has improved maternal and neonatal health outcomes [1, 22, 23, 24, 25, 26] . To this extent, diagnostics plays an essential role in advancing universal health coverage, addressing health emergencies, and promoting healthier populations [27] . In recognition of this, the World Health Organization (WHO) created a model list of essential in vitro diagnostics (EDL) [27] , including diagnostic tests for resource-limited PHC clinics.
Despite the critical role access to POC diagnostics plays in healthcare, coupled with improved availability of WHO prequalified POC diagnostics and guidelines for their use in resource-limited settings [28, 29, 30] , barriers and challenges for successful implementation do exist [12, 31, 32, 33, 34, 35, 36] . Hence, access to POC testing may not be evenly provided in rural PHC clinics and could potentially result in limited access to vital healthcare services [34, 35, 37, 38, 39] . Identifying and addressing potential barriers and challenges is essential to facilitate implementation of sustainable POC diagnostic services at the PHC level for both maternal healthcare and the general population. The level of POC diagnostics accessibility, availability, usage and desired POC tests for maternal healthcare as well as for the general population in PHC facilities in Ghana is not known. Moreover, it is mandatory for pregnant women in Ghana to be screened and tested for the following: haemoglobin level, HIV, sickle cell, Glucose-6-phosphate dehydrogenase (G6PD), syphilis, and blood type. Pregnant women in Ghana also undergo screening for malaria, other sexually transmitted infections such as gonorrhea and chlamydia, urine protein for proteinuria, blood pressure monitoring, urine and stool for routine examinations, as well as ultrasound scans, depending on the stage of the pregnancy at the first ANC visit [40, 41] . We therefore assessed the current accessibility of pregnancyrelated POC diagnostic tests for maternal healthcare in rural PHC facilities in Northern Ghana, focusing on competency of clinical staff, their experience, POC diagnostic tests availability, and usage of available POC tests. It is anticipated that the results of this study will be useful to the GOG, development partners, nongovernmental organizations in health, donors, and diagnostics developers to improve access to POC diagnostic services for maternal health in rural PHC clinics. It is also hoped that the results of this study will help the GOG implement and sustain new POC tests in rural healthcare facilities throughout the country.
Methods

Ethical consideration
This study was approved by the Navrongo Health Research Centre Institutional Review Board/Ghana Health Service (approval number: NHRCIRB291) and the University of KwaZulu-Natal Biomedical Research Ethics Committee (approval number: BE565/17). Permission was obtained from the Upper East Regional Health Directorate prior to conducting the study. All study participants signed an informed consent prior to participating in this study. Data for this study are the property of the University of KwaZulu-Natal and can be made available publicly. All interested researchers/readers/persons who meet the criteria to access confidential data can access the dataset via Dr Tivani Mashamba-Thompson, the project supervisor and the Ac- 
Study design, sample size, and sampling
We conducted a cross-sectional survey of PHC clinics in the Upper East Region (UER) of Ghana. We obtained a list of 356 PHC clinics rendering antenatal care from the Upper East Regional Health Directorate (RHD) of the Ghana Health Service (GHS). We randomly chose a weight-based sample of 100 PHC clinics from all the 13 districts in the region. To ensure uniformity of sampled clinics in all the districts, the following procedure was used: The clinics were first grouped into 13 clusters, with each cluster representing a district in the region. After this, we stratified the clinics into two strata. The first stratum comprised of 232 clinics with antenatal clinic attendance 100 per month, whilst the second stratum consisted of 124 clinics with antenatal clinic attendance !100 per month. Probability proportionate to size (PPS) was used to determine the proportion of clinics to be selected from each cluster and stratum, using this formula: nh¼(Nh/N)Ân [7] , where nh is the sample size for cluster h, Nh the population size for cluster h, N the total population size and n is the total sample size. Based on this, 65 clinics were to be sampled from the first stratum and 35 clinics from the second stratum. Proportionate stratification was also applied to obtain the total number of clinics to be sampled from stratum one and two in each of the 13 strata (Table 1) . Finally, a simple random sampling technique was used to draw the clinics for the study. Convenient sampling was however, used to select the respondents for the study.
Data collection
Data were collected from February to March, 2018, using an adopted POC diagnostics survey tool from Mashamba-Thompson et al., 2016 [7] . The survey tool (Supplementary file 1) was pre-tested in ten non-participatory rural PHC clinics in the UER and adjusted to suit the local context based on feedback from respondents.
We surveyed each selected clinic and collected data on clinic type, ownership, number of health professionals' available, category of health professionals available, and work experience of the respondents. We also took data on the average number of pregnant women seen per month and the respondent average available working hours per week to determine the health facility characteristics. Data on POC diagnostics availability, usage, and future needs for POC tests were obtained from the respondents in order to measure the accessibility of POC diagnostic services in the UER, using the survey tool. Data on pregnancy-related POC diagnostic tests needed by the clinics to aid diagnosis at the clinic and facilitate their work were also obtained. We obtained the average monthly antenatal clinic attendance of each of the clinics in the region as recorded in the District Health Information Management System from the RHD.
Outcomes measures
The primary outcome of the study included: availability of POC tests for maternal healthcare, and use of the available POC diagnostic tests in the PHC clinics in UER, Ghana. The secondary outcome of this study was to ascertain the current POC diagnostic tests needed to help with early disease detection during pregnancy and prompt linkage to care.
Data analysis
Availability of diagnostic tests was determined as follows: 11e15 tests ¼ high availability; 6e10 tests ¼ average availability and 1e5 ¼ low availability. Responses on POC usage were analysed using a 0e100% score scale, where '100% ¼ I do use' and '0% ¼ I do not use'. Data were processed in Microsoft Excel and exported to Stata statistical software, version 14, for all analyses. Frequencies, means, standard deviations (SD) and 95% confidence intervals were generated for responses. Table 2 shows the characteristics of the selected PHC clinics and the respondents in this study. The survey recorded a 100% response rate from the staff in the selected PHC clinics in the region. A total of 959 health professionals were found in all 100 Diagnostic tests that were poorly (available in less than 10 % of the surveyed clinics) available in the 100 participated PHC clinics in this survey were: sickling (9%), hepatitis C (6%), blood type (4%), and tuberculosis (3%). Glucose-6-phosphate dehydrogenase (G6PD) enzyme deficiency test was not available in all selected PHC clinics for this survey. The study found an uneven availability of POC tests across the 13 districts. For instance, whilst the haemoglobin test was available in 50% (8/16) and 38.5% (5/13) of the PHC clinics in the GaruTempane and Bongo districts respectively, none of the PHC clinics in Binduri district, Bolgatanga, and Kasena Nankana Municipals were providing haemoglobin POC testing services. Table 3 shows the distribution of available diagnostic tests for all PHC clinics surveyed in the 13 districts.
Results
Clinic and respondent characteristics
Use of available POC diagnostic tests in the PHC clinics
This study found that all available POC diagnostic tests in all the 100 PHC clinics were being use. The average number of POC diagnostic tests in use was 4.9 tests AE 2 (95% CI: 4.5e5.4). Frequency of a POC test usage depended on the daily clinic attendance and the availability of the test. The following tests: G6PD, hepatitis C, sickle cell, blood type, blood glucose, tuberculosis, urinary tract infection, urine protein; hepatitis B, haemoglobin, and syphilis tests were shown to be largely unavailable in majority of the PHC clinics. However, majority of the clinics showed desire to have these diagnostic tests to assist them with diagnosing, monitoring, prompt linkage to care as well as reduce referral 
Haemoglobin 24 of patients/clients to higher level health facilities for a diagnostic test, as shown in Fig. 1 . The average number of POC test requested by the clinics was 9.9 tests AE2.2 (95% CI: 9.4e10.3).
Discussion
Accessibility to POC diagnostic services for maternal healthcare may be influenced by factors such as availability of a test, usage of the test, availability of required human resources, cost of the test, socioeconomic characteristics of the client, and sometimes cultural practices [31] . However, we assessed the accessibility of pregnancyrelated POC diagnostic tests for maternal healthcare in rural PHC clinics in the UER of Ghana, focusing particularly, on availability and usage of POC tests. This study results showed availability of pregnancy-related POC diagnostic tests in the UER's PHC clinics was low. POC tests for malaria, HIV, and pregnancy, were generally available and used in a majority of the rural PHC clinics in the region. Disparity in the availability of POC diagnostic tests across the 13 districts in the region was also revealed by this study. This study finding further showed that usage of POC diagnostic tests in the PHC clinics by the caregivers was directly proportional to the number of tests available in each clinic. Moreover, the findings of this survey revealed a high number of POC diagnostic tests which were poorly available needed by the PHC clinics to assist them in the management of expectant mothers. These findings support the call to improve the quality of maternal healthcare in lower healthcare facilities [8] .
The current survey results partially support the findings from a similar POC diagnostic survey conducted in rural PHC clinics in South Africa [35] . Mashamba-Thompson et al.'s study also revealed poor POC diagnostic accessibility, availability and usage in South Africa's rural PHC clinics [35] . Their study additionally demonstrated high POC test need in PHC clinics to facilitate decision making by healthcare workers for patient care [35] . Conversely, our study refuted their study findings, which found widely available and regular use of kidney function, urinary tract infection, and blood glucose POC tests in rural clinics throughout the KwaZulu-Natal province in South
Africa [35] . However, our study findings disagreed with a study done in a highincome country that aimed to establish conditions for POC testing most useful to UK general practitioners for diagnosis, reduction of referrals, and monitoring of chronic conditions [42] . Turner et al.'s study reported that the most frequently cited conditions were urinary tract infections for diagnosis, pulmonary embolism/deep vein thrombosis for referral reduction, and international normalized ratio/anticoagulation for monitoring [42] , which are in contrast with current study findings.
during the implementation of new POC tests and to ensure sustainability of POC diagnostic services.
The 2008 Ghana Demographic and Health Survey stated that "the healthcare that a mother receives during pregnancy, at the time of delivery, and soon after delivery is important for the survival and well-being of both the mother and her child" [43] . Therefore, one way of achieving an improvement in the health of pregnant women and their unborn babies is by improving access to pregnancy-related POC diagnostic tests during ANC and delivery in rural PHC clinics, in line with WHO recommendations [27] . The establishment of a country level EDL, as encouraged by the WHO, is very much needed now, especially for resource-limited and rural PHC clinics, and work on Ghana's EDL ought to begin now [27] . Poor accessibility of POC diagnostic tests for maternal care, as shown in this study, could potentially affect Ghana's quest to achieve SDG 3.1, which is aimed to reduce maternal mortality to less than 70 deaths per 100000 live births [9] , as well as realizing universal health coverage. Antenatal care has been included by the WHO as one of the 16 essential health service indicators of the level of universal health coverage [44] . In view of this, an urgent supply of these essential POC diagnostic tests is crucial to address the unmet needs of pregnant women in rural and resource-limited settings. To ensure the successful supply of essential POC diagnostic tests to these rural PHC clinics, adequate supply chain management is vital. Whilst we recommend the adoption of a proposed lean and agile framework for improving the accessibility and efficiency of POC diagnostic services in LMICs [31] , a parallel primary study to audit the supply chain management of rural PHC clinics is recommended. Further research to assess the role of the geographical location of the PHC clinics, distance and traveling time, as well as cost, to the nearest referral hospital for comprehensive ANC POC diagnostic services is also highly recommended. In addition, efforts to enable appropriate implementation of future POC tests for maternal healthcare in rural PHC clinics in the UER are essential.
Conclusion
This study has revealed poor accessibility of pregnancy-related POC diagnostic tests and the need to scale up POC tests in rural PHC clinics in the UER due to low availability of POC tests. Availability of POC tests in the UER's PHC clinics therefore, is a major challenge for successful implementation of POC diagnostic tests in these facilities. Hence, conscious efforts are required by major stakeholders such as: the Ministry of Health, GHS, local and international organizations, and donors, to increase procurement and supply of available WHO prequalified POC diagnostic tests to rural PHC clinics in the region. A study to assess the spatial accessibility of poorly available diagnostic tests in PHC clinics such as tuberculosis and G6PD tests is recommended.
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